Introduction
Each day mobile devices show us more capabilities and services at our disposal; however, developments in battery capacity doesn't occur at the same rate [1] [2] [3] [4] .Especially with connectivity services, which are the biggest battery consumers and the most used in applications that pursue user being always "connected". Thus the main problem we found in most smartphones is the poor battery life when using applications that make an intensive use of connectivity services.
The problem worsens in specific applications such as telemedicine, where the use of WiFi and 3G services, although they are the largest energy consumers, are essential to the operation of these applications, because they must have data transfer functions that goes from simple temperature data until tomography images; i.e. require a wide range of data [5] .
One of the first steps for optimizing the use of energy is to know under what conditions the WiFi and 3G services are consuming battery. For this task, we analyzed several studies of energy consumption of networking services on mobile devices.
This analysis led to the design of a networking strategy choice. When the telemedicine application will perform a data transfer, the strategy chooses the network with the lower energy consumption. This choice is based on four transfer characteristics: connection status, signal strength, data size and transfer time.
In section III we present an analysis of previous works about energy consumption of interfaces WiFi and 3G. In section IV we proposed the design and implementation of the networking strategy choice. In section V we show our experiments with the method. Finally in section VI we discuss the conclusions and future work.
[10] [11] . Among the solutions they proposed one of the simplest ways to save energy is use the most saving network and turn off the rest, so that the application is in low energy states as much as possible [12] [13] [14] . But how do you know which network saves more energy? There are various issues that need to be analyzed, and are present below.
Although we tend to think that 3G consumes more than WiFi because its range of action covers large areas or its number of potential users [8] . Actually, the energy consume between WiFi and 3G is similar, but each one has its own energy characteristics at the different phases of connection: Establishing a connection, maintaining a connection, data transfer [11] [15] [16] [14] . In Rahmati, we can find a detailed study of the energy costs of WiFi and 3G connection [5] . Keep in mind if the connection is already turned on, it doesn't incur in an energy expense. This case can be seen in Table I on 3G. Another aspect to consider in connection energy expenses is the vertical handoff, the energy cost of switching from one network to another, which must also be taken into account for the final calculation of the network energy cost. Petander indicates that the vertical handoff from 3G to WiFi consumes more energy than the 3G itself, and recommended switch to WiFi when the data size is greater than 0,12 -0,9 Mb [18] .
Also other factors to measure the connection energy cost, are studied [5] [15] [16] [17] [19] . Transmit data consumes more energy that receive it [8] .The data size to be transferred is a decisive factor, in 3G the larger the data size the greater the consumption we have, therefore studies show that is better using WiFi for large amount of data. In Kalic et al. they present mathematical models to estimate energy consumption according to the data size to transfer, these models were specially designed for Android devices [20] . Together with the size data, the transfer time could be a factor too. As seen above in connection phases, while WiFi consumes more energy in maintaining the connection, save more energy in the data transfer, entirely contrary to 3G; when the data size is small the time transfer cost is negligible. Kalic also presents a mathematical model in respect to the transfer time [20] . Another factor is the signal strength, especially WiFi that has availability more varied than 3G, the stronger the signal lower the energy cost. Even as the signal strength is decreasing the energy expense increases by a percentage.
To check the consumptions of WiFi and 3G, tests were performed in a Smartphone Samsung Y Duos with Android 2.3. The Smartphone remained turn on for about an hour and a half, in daily use. The measurements were made using the application PowerTutor, this application generates an estimated energy consumption model [21] . 4. Design and Implementation
Design
In this paper we present the design of a method for choosing the network with lower energy consumption for an application. We develop this solution as an auxiliary service for a central telemedicine application with sending data functions.
The proposal divides basically in two modules, as it can be seen in Figure I , a most saving network choice module and a prediction module to improve the method performance. 
Network Choice Module
This module is in charge of obtain which network interface, between WiFi and 3G, is the one with lower energy consumption for sending data according to the connectivity context of the moment. This module is divided in 3 submodules that can be seen in Figure II . This module gets the enviroment information and the upcoming transfer information, the context. Some context data will be use for the algorithm choose network, that from this point on we will refer as connectivity context. The other part of the data will be used for the learning in the prediction module.
This is a list of the primary data necessary to define the context: Location: Refers to the user location at the moment of sending the data and choice a network interface. We didn't use GPS location because is one of the largest battery consumers, so we use other locations strategies like Cell-ID and WiFi.
Day of the week: refers to the day of the week at the moment of sending the data and choice a network interface. Time slot: refers to the time space of half an hour (for example 9:00-9:30) in which the user sends data and the method choose a network interface. Availability: refers if the network is available for the location, day of week and time slot given at the time of transfer. It is possible to connect to a network interface. For example there are locations where there is availability of a modem or access point to connect to WiFi. Connection Speed: refers to the speed of the network interface link, it's necessary for the algorithm choose network. Packet size: refers to the size of the data for an upcoming transfer, it means the size of the data before sending it by Internet. It's necessary for the algorithm choose network. Signal Strength: refers to the signal strength of the network interface, it's necessary for the algorithm choose network.
Based in some of these data we obtained two additional data: Energy expense x Time Transfer: Calculate based in the model of Kalic with the data size and the connection speed [20] . Energy expense x Data Size: This model is estimated using primary data of the data size.
Choice of the Network:
This submodule contains the algorithm for choose the most energy saving network interface. This choice is given according to the features of each connectivity context of the network in the given time. For the elaboration of this algorithm an analysis was made about the connectivity factors that impact in the energy consumption.
Enabling Network:
This submodule executes the the election given by the previous submodule. Basically actives and connects the network interface chosen by the algorithm of choice, and off the other network.
Algorithm Choose Network
This algorithm bases its decision on the aspects seen in the consumption analysis of the previous section. This algorithm is divided into steps, each step represent an energy aspect to be evaluated.
In Figure 3 , we show the pseudocode for this algorithm, and later we explain step by step, the aspects we are taking into account for the evaluation and later decision of the most saving network. Step 1: This network is active?: The scan and activation of a network involved an energy cost, which is why the first aspect to be taken into account is to check which of the two networks is active. If the WiFi is active, we will make an additional evaluation of signal strength because this is an important aspect in this interface.
Step 1.5 : How good is the signal strength?: If the
WiFi signal is in a range of 75% -100% signal strength, it isn't an additional energy cost to the total [18] . Then one can proceed to evaluate de data size and the transfer time. Instead, if the signal strength is less than 75% is appropriate to add a penalty energy cost that is consistent with the decrease in the signal strength. 
Step 3: Transfer Time Evaluation:
If the data size is small immediately choose 3G otherwise we have one more evaluation: the transfer time for large data. The transfer time can be calculated from the packet size and the speed of each connection. Once obtained this time is calculated with the energy cost of maintaining a connection. We compare the energy costs and choose the one that saves more energy. According to a previous research, although we had a saving in the battery energy when using the algorithm of choice network, the algorithm incurred in an energy expenditure having to activate the two interfaces for getting the context data [22] . Thus this second module is devised to improve this weakness.
Prediction Module
Being our solution developed at an application level we have limitations giving by Android system itself. Among them that in order to get the data from each network connectivity, this had to be active anyway. However, it was a chance to learn from previous choices given by the first module in a given context. Thus, if it has a context which already has made choices of network interface, we can learn from these choices and predict the most saving network without turning on the 2 interfaces, only by making use of previous cases. And that is precisely the function of the prediction module.
This module records the data context and the choice of network interface given by the algorithm for a period of time. With this information we generated a transition matrix for each context with records, the previous choices. We use Markov chains of Order one O(1) with stationary transition matrix.
As it can be seen in the Figure IV , this module has a strong connection with the network choice module. This module is divided into two other sub-modules: 4.4.1. Learning: This submodule records the network choices made for a determined context, and after a time of learning, a transition matrix is obtained for each context.
Prediction Network Interface:
This submodule is executed whenever there is a transition matrix for the context. If there is no matrix or record of previous choices it proceeds to execute the algorithm. Once we have the transition matrix for a context we don't need to keep learning for this context. 
Learning
From the context data records the submodule generated the transition matrix. The context consists of the day of the week, time slot and location. In this context some data transfers are made, where previously the most saving network was chosen according to the connectivity context that was presented at that time. This context with the respective choice forms a training data record for the subsequent creation of a transition matrix.
So the training data has the following components: the day of the week, time slot, location, network choice at the moment and the previous network choice, as we work with Markov Chain of Order one O(1) is necessary the record of the previous choice for a determined context. With the actual choice and the previous choice we generated a transition matrix and generated a training data. In Figure V we can see an example of a training data with the transition matrix generated. This learning develops in a time given by the user, but as in any other learning with more data training we can have a better accuracy in our predictions. Once the user indicates the end of the learning data, we proceed to the automatic creation of the transition matrix. In Figure VI we can see the model of the matrix.
The transition matrix consists of 4 probabilities:
 WW: Probability to choose the WiFi network interface when the previous choice was WiFi.
 WG: Probability to choose the 3G network interface when the previous choice was WiFi.
 GW: Probability to choose the WiFi network interface when the previous choice was 3G.
 GG: Probability to choose the 3G network interface when the previous choice was 3G. 5. Experiments
Measurement Tool: PowerTutor
PowerTutor is an application for Android phones that displays the power consumed by system components such as CPU, network interface, display, and GPS [21] . The application allows seeing the impact on power efficiency and battery life.
PowerTutor uses a power consumption model built by direct measurements during careful control of device power management states. This model generally provides power consumption estimates within 5% of actual values. It displays the power consumption history and also provides a text-file containing detailed results. One can use PowerTutor to monitor the power consumption of any application.
Study Case
The present work focuses in telemedicine applications which have almost indispensable functions for sending data, this is because medical data taken by a device must be verified by a specialist and should be store in a central database.
We develop a testing application that simulates the flow of data in a common application of telemedicine, as it can be seen in Figure VII , where data form a medical device is saved in a phone and the sent via Internet to a central server. Medical data are generated within the application, following the format of data: submission date, value of the data, unit, date, data type, sub data type, login, Medical Device ID, Mobile Device ID.
Usually such applications presents several scenarios under which it works, the most common are:  Shared Device: A medical device is shared by multiple users to control and monitor the health.
 Doctor visits: Specialized medical staff recorded the control and monitoring of patients whom they make appointments, their work is sent as an entire block to the medical central.
To simulate these work scenarios we sent 3 sizes of data: sending a measurement, sending a series of measurements and sending a picture (since its size is large enough to represent a data set). In the case of simple measures are randomly generated. The mechanics of the application is to send some data every 10 minutes to the server.
Initial Experiments
The initial experiments are the tests made during the development of the solution to test it and see if there is actually a saving with the implemented solution.
We test the method in a smartphone Motorola XT914 Razr D1 with operating system Android 4.1 JellyBean, additionally it has the technical specifications of the Table V. As one can see e used a mid-range smartphone, with average characteristics. It is expected that if the solution works properly on this phone it will work equally good for phones with similar or even better characteristics.
Network Choice Module Test:
The objective of this test was to verify that indeed the use of the network choice module saves a percentage of energy battery. This verification of the effectiveness of the algorithm is given but we returned to do the tests with the enhancements and changes made to the programming level algorithm for this work [22] .
For the testing, three tests were performed, one using the energy saving solution and the other two using the WiFi network and the 3G network. For each test the battery was charged to 100% and the demo application was active for 5 hours. In this period we didn't use the smartphone for other activities.
To measure energy costs over this period the PowerTutor application was activated and the battery level decreases were seen in the detailed file that provides PowerTutor.
The results were compared and shown that effectively the method chooses the most saving network. By using WiFi the energy cost was 5358.08 J equivalents to 28% of spent battery and 3G use an energy cost of 6698.6 J equivalents to a 35%. If we see the cost of the solution was 4405.04 J equivalents to 23%. So an energy saving is achieved compared to using only the WiFi interface or 3G network. Savings of approximately 5% compared to WiFi and about 13 % compared to 3G.
Prediction Module Test
While the choice network module has an energy saving, according to our design we can have a better saving by using training data. As this is an experiment we used hard coded training data and thus also avoid the learning time because is not the main objective of this test.
For this test, there will be the same conditions than the previous tests: charge the phone to 100%, enable the continuous transmission of data for 5 hours and use PowerTutor. Only that, this time, the prediction module was used.
In this test the energy cost was 4114.6 J about 21% of battery consumption. Compared with the results of the choice network module, applying a learning process can achieve better energy savings.
Users Experiments:
In this section we present the results of the method validation given by expert users, people with some experience or knowledge in the problem area. Also other conditions were also established, necessary to perform the validation.
 Count with a device with Android 2.3 or higher operating system.  This device must be connected to the network interfaces:
WiFi and 3G.  The person is capable to enable and disable network interfaces from the system settings.
We install in their phones the measurement tool PowerTutor and the telemedicine application demo. This tests phase was divided in 3 parts:  Day Zero: In this test the users had to have their battery at 100% of the capacity. And activate the continuous transmission of data during 5 hours; the schedule was election of each user it could be in the morning or in the afternoon. They had to continue their normal routine.  Learning Time: In the beginning of this test, usually the next day after day zero, the user activates our saving energy method. In the GUI is only enabling a check. And in the same way that day zero they has to have the battery at 100% and activate the continuous transmission in the same schedule.  Final Day: To avoid the users having to make additional settings, past the learning time automatically the learning stops and wait a moment because the transition matrices are created. Users should proceed in the same manner as the other days.
With this procedure we have information on the energy cost of using networks without the solution and after it is implemented.
Devices Specifications
In the Table VI we present the list of the used phones of each user and their most important characteristics which are the model and manufacturer, version of the operating system, battery capacity in milliampere-hours and the mobile operator, the provider for mobile internet. 
Results
The The U01  29%  23%  U02  34%  28%  U03  28%  19%  U04  13%  21%  U05  22%  17%  U06  25%  21%  U07  26%  24%  U08  28%  22%  U09  22%  25%  U010 26% 19%
To summarize we present the Table IX where one can see the measurements that have been made for both the "Level of Energy Consumed x Time of Use" as to "Percent Battery Usage By Time of Use". These two indicators show us the saving battery power of an Android device.
It is from this table where one can compare more clearly the results of the tests when the user did not have the solution and continued his/her routine, and when the user uses the solution on his/her smartphone. As can be seen by comparing the percentages of spent battery from day zero and the last day, it can be seen that each user can save the phone battery using the method in a different level. All except the user U04 at first sight it seems that was not the case, but further review to detail was observed that on day zero the mobile application was not sending the amount of data that must be sent in time because at some point the user disabled the network connection, whereas the method automatically provided to activate an available network. Then, on day zero percentage is lower for this user because it had fewer data submissions.
Conclusions
It the initial experiments, the energy expenses in which incur the different network interfaces WiFi and 3G vary according to several factors such as data size, transfer time and energy costs of each interface. Thereby determining that each interface can be the most saving network according to the context at a given time.
The method for choosing a network presented in this paper allows battery saving using a set of rules considered by previous works and a later prediction, proposing the use of the network that has lower power consumption according to a preliminary evaluation and turn off the other networks.
This strategy allows the mobile to save battery according to a preliminary evaluation. But for this evaluation, we need to activate each network, which incurs in an additional cost. So for this weakness we design learning and prediction approach that avoids these unnecessary activations and improve the percentage of saving energy as it can be seen in the tests we realized in the present paper.
For future works we plan to add the 4G network interface in the solution, for this we need to do its own consumption analysis. Additional to this we plan to add a new evaluation feature also, that is the monetary cost of the use of mobile data.
